VOLUME XXIII NUMBER 10 WHOLE NUMBER 189 


THE JOURNAL 


OF 
THE ROYAL ASTRONOMICAL SOCIETY 
OF CANADA 


DEVOTED TO THE ADVANCEMENT OF ASTRONOMY AND ALLIED SCIENCES 


EDITOR 
Cc. A. CHANT 


University of Toronto, Toronto 


ASSOCIATE EDITORS 


J. S. PLASKETT J. PATTERSON 
Director of the Dominion Astrophysical Director of the Meteorological Service 
Observatory, Victoria, B.C. of Canada, Toronto 


R. MELDRUM STEWART 
Director of the Dominion Observatory, Ottawa 


PUBLISHED MONTHLY 
(Ten numbers per year) 


December, 1929 


PRINTED FOR THE SOCIETY 
TORONTO: 198 COLLEGE ST. 


_ 

4 

q 

CIT 4, 

& - 


THE JOURNAL 


THE ROYAL ASTRONOMICAL SOCIETY 


OF CANADA 
Vor. XXIII, No. 10 DECEMBER, 1929 Wuote No. 189 
Articles PaGe 
On the Separation Limits of Double Stars and the Relative Num- 
bers of Optical and Physical Pairs - - R. H. Curtiss 423 
Tides and Seiches on Lake Huron - - - R. K. Young 445 


A Determination of Magnitudes, Spectral Types and Colour In- 
dices in the Scutum Cloud, with a Statistical Discussion 


(C. J. Krieger). Reviewed by - - - W.E. Harper 456 

Long Range Weather Forecasts - - - F. N. Denison 458 
News and Comments 

News of Canadian and other Astronomical Work - REDeL 462 


Notes and Queries 
Death of Edward E. Slosson—Audibility of the Aurora—The 
Moon Again—Not just on the Nile—The 200-inch Mirror— 


The Loss of the “Carnegie” - - - - - C.A.C. 464 
Meetings of the Society! 

At Victoria—at Toronto - - - - - - - - 468 

Index to Volume XXIII - - - - - - - - - - 471 


Upon request, made previous to publication of article, contributors 
will be supplied free either with fifty copies of the issue containing the 
article, or with the sheets containing the article attached to a printed 
cover. If separate reprints are desired the cost will be as follows: 


4pp. | Spp. | 12pp. | 16pp. | 20 pp. | 24 pp. 

| 
50 copies | $3 50 $5 50 | $950 | $1000 | $13 00 | $10 00 
100 copies | 400 | 700 | 1000 | 1100 | 1400 | 1800 
200 copies | 450 | 800 | 1100 | 1200 | 1550 | 2000 


Covers, extra, 50 copies, $1.50; 100 copies, $2.00; 200 copies, $2.50. 

Business correspondence, remittances, etc., should be addressed to H. W. 
Barker, Treasurer of the Society, 198 College Street, Toronto. 

Communications regarding Library matters should be addressed to the 
Librarian. 

$2.00 per annum. Single numbers, 25 cents. 

Subscription to the JourNAL is included in membership fee. 


For Sate—A Surveyor’s Level, in case; tripod. Bargain, $25. Apply to 
the Editor. 

Fine 2-in. Refractor (Mogey), $65; also 6-in. and 7-in. silvered parabolic 
mirrors, perfectly corrected, $55 and $75. Photo of refractor on request. 
C. R. Merrill, Airdrie, Alberta. 


# 
OF 
| 
j 
by 
} 
Aq 


THE JOURNAL 
OF 


THE ROYAL ASTRONOMICAL SOCIETY 
OF CANADA 


Vor. XXIII, No. 10 DECEMBER, 1929 Whole No. 189 


ON THE SEPARATION LIMITS OF DOUBLE STARS AND 
THE RELATIVE NUMBERS OF OPTICAL AND PHYSICAL 
PAIRS 


By R. H. Curtiss 


When Sir William Herschel resolved, in 1781, to examine every 
star in the heavens for duplicity he adopted an upper limit as great 
as 2’ for his sixth or widest class of double stars. Wilhelm Struve, 
in 1824, set a limit at 32” within which a pair of stars should be 
considered a double and narrowed this still further to 16’ when 
the companion was fainter than ninth magnitude. Burnham, in 
1873, began a catalogue of double star discoveries with an upper 
limit of separation at 10” and later generally rejected pairs wider 
than 5’. Innes, in 1899, maintained or diminished the narrow 
limits of Burnham for fainter stars and introduced the principle 
of graded separation limits when he published his Reference 
Catalogue of Southern Double Stars. In addition to many rather 
wide pairs, worthy of inclusion from some point of view, he listed 
every known southern double star which fell within the limits of 
distance given in the following table:— 


Magnitude of Limiting Distance of 
Primary Components 


1 
2 
3 
4 
5 
6 
7 
8 
9 


30” 
25” 
20” 
15” 


7" 
5” 
1° 


E 
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These limits apparently represented the extreme to which the 
movement toward contracted limits was to go. Innes, himself, 
in his recent Southern Double Star Catalogue has enlarged the 
scope of his early list to comprehensive proportions. However 
strongly the restrictions of separation limits in the Reference 
Catalogue might have been criticised or amended the principle of 
graded limits is undoubtedly sound and has been generally adopted. 

The contraction of the wide separation limits under which 
double stars were catalogued by Herschel and Struve was of course 
inevitable. The extension of searches to fainter stars was in part 
responsible for such reduction of limits, for it was realized that for 
fainter pairs the actual linear separations and periods would be 
greater in general for any given angular separation. In other words 
the prospect would be less of early orbital results on which the 
interest of double star observers had become centred from the time 
of Herschel. The realization was not lacking that the micro- 
metrical observation of long period binaries and of proper motion 
pairs was an important obligation of the present to the future. 
But the appalling aggregate of double star discoveries collected in 
modern catalogues, with the realization of the magnitude of the 
task involved in the study of each physical pair, could not but 
suggest careful consideration of ways and means to use all available 
resources for double star work to the best advantage under some 
widely adopted plan. 

Dr. R. G. Aitken proposed, in 1911, a working definition of a 
double star calculated to focus attention on the narrower pairs. 
This definition has figured so prominently in subsequent discussion 
that it may be well to give it here. For given ranges of combined 
magnitude of the components on the scale of the Bonn Durch- 
musterung, a close pair of stars was considered to constitute a 
double star within the following separation limits: 


Combined Separation 
Magnitude Limits 
> 2.0 40” 
2.0— 4.0 20” 
4.0— 6.0 10” 
6.0— 9.0 5” 
9.0—11.0 3” 
<11.0 
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It was further provided that pairs which exceeded these limits 
should be classed as double stars when orbital motion should be 
established or well defined common proper motion or proper motion 
of ‘61 Cygni type’, or relatively large parallax for the stars’ 
apparent magnitude. The specified limits are shown in Figure 1 
as a series of steps. Separation limits in seconds of arc are here 
measured vertically; magnitudes are plotted horizontally. In this 
diagram the stepped limits of Aitken may be readily compared 
with the curve of limits of the Reference Catalogue given above 
and with other curves to be mentioned later. Aitken’s limits are 
considerably more inclusive than those of Innes for magnitudes 
fainter than 7.5. For the magnitude range from 2.0 to 7.5 the 
two curves appear to average alike, but Aitken’s limits embrace 
more pairs because in the fainter half of each step the pairs are 
more numerous and because Aitken’s magnitudes correspond to the 
combined light of the pair whereas those of Innes refer only to the 
brighter component. Although either curve would focus con- 
sideration upon narrow pairs, neither was intended to be strictly 
exclusive. Aitken would include orbital movers as well as pairs 
showing interesting proper motions and relatively large parallaxes. 
Undoubtedly today stars for which reasonable hypothetical 
parallaxes have been derived would also be taken in. 

However sharply Aitken’s definition may seem to focus attention 
on very close doubles it should be kept in mind that it was not 
intended to discourage study of wider pairs or the measurement of 
such pairs for proper motion. The several provisions for the 
inclusion of wider pairs presuppose the continuation of measures 
of pairs outside of the specified limits to determine possible qualifica- 
tion as double stars under the definition. The ‘‘pairs’’ must be 
detected, listed, measured, and studied. If the literature of double 
stars will include them no longer, a literature of their own will be 
created. 

The acceptability of Aitken’s definition of a double star was 
referred to a jury of twenty-two well known experts. A majority 
proved favorable but a number of these apparently felt concern 
for the excluded stars. Thus Lohse commended the compre- 
hensiveness of Burnham’s catalogue. Doberck felt that the wider 
pairs should be reobserved. Burnham favored the creation of a 
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new class of proper motion stars. Espin suggested that the ex- 
cluded stars be called ‘‘pairs’’ as Aitken’s definition suggests and 
Kiistner proposed the appellation, ‘‘Nachbarsterne’’. All hoped 
no doubt that these wider doubles would not suffer neglect under 
the new definition and undoubtedly some who objected to the stated 
limits were convinced that such neglect would result. 


Barnard considered the proposal a dangerous one. Maw 
favored delay until more was known about faint binaries. Bryant 
regarded the difficulties of the definition as much greater than the 
advantages to be gained. Hussey did not favour definite limits 
and considered the proposal unimportant. Lewis was opposed to 
the principle of stated limits and preferred to pin his faith to the 
catalogues. Others proposed modification of the limits in one 
respect or another but in no case by further contraction though 
H. Struve, a proponent of the idea, favoured a lower magnitude 
limit of the primary at 9.5. Fox did not wish to exclude any pair 
whose distance was less than 5’’, and felt that he might be charit- 
able toward a limit of 10’. Doolittle felt that all of Aitken’s limits 
should be doubled. Comstock, Jonckheere, and Pickering pro- 
posed limits expressed by curves which may now be considered. 

Comstock expressed the view from considerations of mean mass 
and average period that the variation of limiting separations with 
magnitude were on too narrow a scale in Aitken’s definition. 
More specifically he proposed inconclusively the suggestion that 
under a random distribution of the stars the separation limits 
should be so chosen that the probability of the occurrence of a star 
of magnitude m within a distance p” of any given star should be 
the same for each magnitude. This consideration led to the ap- 
proximate formula, 

=c(2/7)”™, 


where c is a constant and the fraction is a ratio well known in 
connection with star counts by magnitudes. This curve is steeper 
than any other curve discussed and the value of c which determines 
the height of the curve as a whole is not given. 

Jonckheere proposed that separation limits for a double star 
should be taken in ratio to the mean parallax attributed to each 
magnitude. Adopting Kapteyn’s values of mean parallaxes derived 
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from parallactic motion and fixing the separation limit for ninth 
magnitude at 5’, Jonckheere determined the following limits: 


Magnitude of Limiting Distance of 
Primary Components 

80” 
3.0 40” 
5.0 20” 
7.0 10” 
9.0 5” 

11.0 2.5 


The curve expressing these limits is shown in Figure 1. At the 
ninth magnitude it touches Aitken’s limits but in general stands 
well above them. 

E. C. Pickering favoured limits such that the corresponding 
linear separation of the components of double stars should be the 
same for all magnitudes. The condition that the limitation should 
be the same for all magnitudes was expressed by the formula, 


Log p”’ =c—0.2m, 


under the assumption that stellar brightness varies on the average 
inversely with distance squared from the observer—an assumption 
not warranted when, applied to such a highly selected group as a 
list of doubles discovered with a small telescope but useful in 
reference to the whole group of stars of any magnitude. Pickering 
selected for the arbitrary constant, c, the value of 2.3, thus adopting 
for stars of magnitude 0.0, 5.0, and 10.0 the limiting distances, 
200’, 20’, and 2’. He pointed out that this meant that a star 
would be considered double when it had a component at a distance 
less than 24,000 times its equivalent diameter if its surface bright- 
ness were equal to or less than that of the sun. Pickering’s curve 
is shown in Figure 1. For the brighter stars it pairs with Jonck- 
heere’s curve. Aitken’s limits, which follow along Innes’ curve 
between second and eighth magnitude, occupy middle ground 
between the curves of Jonckheere and Pickering@from the eighth 
to the tenth magnitudes. 

The whole subject of criteria by which the inclusion of double 
stars in the official lists shall be determined has been reviewed very 
recently by Dr. Aitken in connection with his publication of the 
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second edition of Burnham's General Catalogue. The principle of 
graded] limits has‘ been[maintained as expressed by Pickering’s 
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a Fig. 1.—Double Star Separation Limits. 


formula, but the inclusiveness of these limits as compared with 
those of the definition has been greatly increased as shown ‘by the 
upper curve of Figure 1. The new formula is 
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Log p’’ =2.8—0.2m 


In a large sense it is legacy a from the past—a boundary established 
by practice and precedent. It undoubtedly includes no pair that 
is not valuable as a double star but it obviously embraces many 
pairs of much greater immediate value than others. As a record 
of the past a general catalogue should of course be formulated on 
such wide limits as these. 


But what of the limits for exclusion of pairs of stars discovered 
in the future? On what basis more particularly should systematic 
searches be conducted in the southern skies? These questions 
confront us now and should be settled before search programmes 
now in progress in the southern hemisphere have gone too far. 


There are considerations more or less obvious that will be taken 
into account. It seems reasonable to assume that the limits of the 
General Catalogue applying to the northern two-thirds or more 
of the sky will ultimately be extended to the south celestial pole. 
Evidently also the sooner the pairs within these limits are detected 
and measured the better. At the same time all will agree that the 
large refractors now employed in double star work in the southern 
skies—the Lamont Refractor and the 26-inch Refractor of the 
Union Observatory—should be employed within limits appropriate 
to their full powers. When seeing will permit they must be 
devoted now to studies of pairs within limits like those of Aitken’s 
original definition, though probably somewhat wider. 


But what of the doubles whose limits lie in the large area of the 
diagram of Figure 1 between the definition limits of Aitken and 
the limits (Log p’’ =2.8—0.2m) of the General Catalogue? Innes 
has suggested that these stars be searched on the plates of the 
Carte du Ciel. Photographs made especially for the purpose might 
be secured with instruments designed with this in view. Or the 
work may be done visually with the large telescopes by employing 
the hours of bad seeing, of which there are many in the best loca- 
tions, when work under narrow limits cannot be done. Again 
such work may be supplemented or done to even better advantage 
with smaller telescopes. These possibilities will now be considered. 
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It is well known that wide pairs will not repay the observer so 
promptly on the average as the closer combinations. If binaries, 
as a large proportion would prove to be, their orbital motion would 
be extremely slow; unless, indeed, the mass of the system prove to 
be exceptionally great, or the stars relatively near tous. As Aitken 
has pointed out, a physical double star with a separation of 5’, a 
parallax of 0’’.01, a combined mass twice that of the sun, and a 
mean true distance between the components not less than their 
apparent separation, would have a period of revolution of not less 
than 7900 years. Since these are reasonable assumptions for a pair 
of the sixth combined magnitude it is obvious that the proportion 
of binaries of immediate interest near the catalogue limits for this 
or any other magnitude would be very small. However, immediate 
interest has never been the ultimate consideration affecting astro- 
nomical research and cannot be in this particular case. Statistical 
and other studies of both physical and optical pairs must direct 
attention to the wider pairs as well as to the closer ones. 


Since emphasis is laid so strongly on the value of physical double 
stars as compared with that of optical pairs it is interesting to 
consider the probable relative numbers of each within certain limits 
of magnitude. As a preliminary to the determination of the 
probable number of optical pairs which exist in any magnitude 
range of the primary we must establish a limiting faint magnitude 
for the companion star. This limit may be set arbitrarily or it may 
be imposed by the restrictions of the instrument itself when applied 
to studies of double stars, that is, by the difficulties of measurement 
or by the difficulties affecting recognition of faint companions when 
the contrast of brightness exceeds a certain amount. To derive a 
good practical limit for the most important magnitude intervals, 
6.5-8.0 and 8.1-9.0, we may determine the distribution of the com- 
panions among the magnitudes for a significant number of pairs 
discovered by Aitken and Hussey in the course of the Lick Ob- 
servatory Survey. These lists appear in the appendix to Burn- 
ham’s General Catalogue. The discoveries were made with the 
12” and 36” refractors. The distribution of companions by 
magnitudes is shown in the following table: 
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TABLE 1 
Magnitude Number of Companions 
Range of 
Secondary Primary 6.5—8.0 Primary 8.1—9.0 
6.5-— 8.0 20 
8.1-— 9.0 21 101 
9.1-—10.0 15 179 
10.1—11.0 15 110 
11.1—12.0 20 94 
12.1—13.0 19 78 
13.1—14.0 17 52 
14.1-—15.0 5 19 
15.1-—15.5 1 1 
Total 133 634 


The point of interest here is that no important number of discoveries 
was made with companions fainter than the fourteenth magnitude, 
and since other observers with existing refracting telescopes would 
set no fainter limits than this we may safely adopt the fourteenth 
magnitude on the international scale as the fainfer limit to which 
we need to consider companions with primaries not fainter than 
the ninth magnitude. 

A dip, quite pronounced and well established, is evident at 
about the tenth magnitude in the distribution curve which may be 
constructed from the data in columns one and two. This is less 
evident in an equal number of doubles under 5” separation taken 
at random from the General Catalogue. A corresponding arrested 
decline is observed at the twelfth magnitude in column three of 
Table 1. These curves might be smoothed out by including all 
known pairs of this magnitude range under 5’. The earlier ob- 
servers with smaller telescopes tended to overlook the pairs with 
faint companions; and these were picked up in relatively greater 
proportions in the Lick Observatory survey. 

In-a random list from the General Catalogue, in which the 
proportion of faint companions is small, a decrease in brightness of 
companions with increasing separations is notable. As we should 
expect this is still more striking in the complete list of Lick Ob- 
servatory pairs between magnitudes 6.5 and 8.0 in the General 
Catalogue since many wide pairs with relatively bright secondaries 
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had been catalogued. For these Lick Observatory pairs the figures 
are: 


0’’.00- 0’.51- 1’.01- 2’ 01- 3’’.01- 4” 01- 
Se t 
2.00 4”.00 5””.00 
Magnitude 
of Secondary 8.5 11.0 11.7 12.6 13.4 13.2 


Allowing for the difficulties affecting discovery of faint companions 
when very close to their primaries, these data are still significant 
in their indication that distant components of physical pairs tend 
toward great disparity of absolute brightness and that optical pairs 
involving chance combinations of the numerous distant faint stars 
with much brighter primaries account for some of the wider pairs. 
However, the point of immediate interest in the present discussion 
is the practical discovery limit for faint companions at a magnitude 
of 14.0 or thereabouts. 

The probable number of optical pairs within any magnitude 
range, assuming a random distribution of the stars, may be com- 
puted by application of the formula: 


x=m+1 
Np=Cp? (N2,+2N,, =N;) (1) 
x=14 


Here Np is the probable number of pairs with angular separations 
not greater than p, and with primaries in the magnitude range m to 
m-+-1 and secondaries in the range m to 14. N,, is the total number 
of stars in the magnitude range m to m+1; while C is a constant 
whose logarithm is 12.46805 when p is expressed in seconds of arc. 
If we denote the product, C into the quantity in brackets, by P, 
the expression for the probable number of optical doubles with 
separation from p”’ to (p+1)”’ becomes, 


np= (1+2p) P (2) 


These formulae do not need to take into account the crowding of 
stars in the milky way, though the observer must do so in planning 
his programme. 

We now compute the probable number of optical pairs with 
primaries in the three magnitude ranges, > 6.5, 7.0-8.0, and 8.0-9.0, 
having companions down to fourteenth magnitude. We use the 
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Harvard star counts to the ninth magnitude and thereafter those 
of Seares and van Rhyn (Astrophysical Journal, Volume 62, page 
364). The probable numbers of optical pairs with primaries 
brighter than or equal to 6.5 magnitude are given in Table 2. 
In each case the number tabulated is the total of pairs of the 
magnitude range given, for the range of separations from zero to 
that heading the column. The number of pairs in any separation 
interval can be gotten by formula (2) above or by subtracting 
numbers in adjacent columns of Table 2. 


TABLE 2 


Probable Number of Optical Pairs; Magnitude of Primary brighter than or equal 
to 6.5. 

Magnitude of 


Secondary 
>6.5 0 0 0 0 0 0 0 0 0 0 
6.5— 8.0 0 0 0 1 1 2 2 3 3 4 
8.0— 9.0 0 0 1 2 2 3 5 6 8 10 
9.0—10.0 0 1 2 4 6 8 11 15 19 23 
10.0—11.0 1 2 5 10 15 22 29 38 49 60 
11.0—12.0 2 6 14 24 38 55 75 98 124 153 
12.0—13.0 4 15 34 61 95 137 186 243 308 380 
13.0—14.0 9 36 80 143 223 321 437 571 723 892 
Sums 16 60 136 245 380 548 745 974 1234 1522 


The probable numbers of optical pairs with primaries ranging 
from seventh to e ghth magnitude are given in Table 3. 


TABLE 3 
Probable Number of Optical Pairs; Magnitude of Primary in Range, 7 to 8. 


Separation 0”.5 1.0 2”.0 3”.0 5”.0 10” 15” 20” 25” 30% 
Magnitude of 


Secondary 
7-8 0 0 0 0 0 0 0 1 1 2 3 
8-— 9 0 0 0 0 0 0 2 a 6 10 14 
9-10. 0 0 0 0 1 1 4 8 15 24 34 
10-11 0 0 0 1 2 2 10 22 40 62 89 
11-12 0 0 1 2 4 6 25 57 101 158 228 
12-13 0 1 3 6 10 16 63 141 251 392 564 
13—14 0 1 6 13 24 37 147 332 590 922 1328 


Sums 0 2 10 22 41 62 251 565 1004 1570 2260 
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The probable numbers of optical pairs with primaries ranging 
from eighth to ninth magnitude are given in Table 4. 


TABLE 4 
Probable Number of Optical Pairs, Magnitude of Primary in Range, 8 to 9 


Separation 0.5 1” 9” 3” 4” 5” 6” 7" g” 9 10” 12” 15” 


Magnitude of 
Secondary 
8-9 000 0 90 1 1 1 2 2 3 4 7 
9—10 0 0 0 1 2 3 4 5 7 > os 16 24 
11-12 01 3 6 11 18 2 35 46 58 72 104 162 
12-13 0 2 7 16 #2 45 64 87 114 144 178 256 400 
13—14 1 4 17 38 67 105 151 205 268 339 419 603 943 


Sums 1 7 28 64 114 179 256 347 #455 575 711 1023 1589 


We now turn to a consideration of counts of double stars in the 
northern hemisphere under five seconds separation, made by Aitken 
and published on page 261 of his Binary Stars. It is evident from 
an examination of Tables 2, 3 and 4 above that nearly all of these 
doubles under 5” are physical pairs. Plotting Aitken’s counts with 
separations as abscissae and numbers of physical pairs between one 
second intervals of separation as ordinates we obtain a distribution 
of points as shown in Figure 2, for B.D. combined magnitude range, 
8.0 to 9.0. Here the original counts have been corrected for the 
small admixture of optical pairs. In Figure 2 also the computed 
numbers of optical pairs from Table 4, corrected to B.D. combined 
magnitude, are represented by a continuous straight line. 

A curve representing the distribution of physical pairs with 
varying angular separation reaches a very high maximum at 0” 
with the number of single stars as a limit; and for very great separa- 
tions the number of physical pairs becomes indefinitely small. 
The curve which satisfies these requirements and at the same time 
passes through the observed points of Figure 2 is a rectangular 
hyperbola of the form: 


(N—No) (p—po), 


where p denotes angular distance between components and N the 
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corresponding number of physical doubles. The other quantities 
are constants affecting the shape of the curve and the position of the 
asymptotes, If, in close accordance with physical facts, we make 
the hyperbola asymptotic at the zero axes of Figure 2, No and po 
each become equal to zero. The resulting hyperbola for a proper 
value of c_represents the observed counts very satisfactorily except 


1200 
1000 
800 
600 
400 
~~ 
MIN, 
300 
0 1 2 3 4 5-8 9 10 ll 12 13 


Separation in Seconds of Arc 
Fig. 2.—Number of Double Stars of 8th to 9th Combined B.D. Magnitude within inter- 
vals of 1” separation. 
Descending Curve for physical pairs in the Northern Hemisphere. 
Ascending Curve for optical pairs in half the sky. 
Broken line for physical and optical pairs combined. 


for pairs with separation less than one second, where discoveries 
are certainly less complete and the points were expected to fall 
below the curve. The value of c which satisfies the observations 
best is 1207, giving greatest weight to the points between 1” and 4” 
separation. This constant, 1207, is the number of discoveries that 
would be expected between the separation limits 0.5 and 1’’.5, 
in the magnitude range, 8 —9, largely on the basis of the number of 
discoveries between one and four seconds. The curve corresponding 
to this value of c is drawn in Figure 2. 

This curve is a discovery rather than a true occurrence curve but 
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Aitken’s tests have shown that the Lick Observatory survey over- 
looked very few pairs in the region covered. As stated above it was 
expected that the counts for pairs under one second separation 
would fall below the hyperbola. In the cases of similar curves for 
brighter primaries the counts under one second separation fall still 
further proportionally below the curve as might be expected. This 
curve is based on data for the northern half of the sky and can be 
applied to the whole sky only under the assumption that conditions 
are similar in the southern hemisphere. An extensive interpolation 
appears to be involved in carrying out to catalogue limits a dis- 
tribution curve based on counts of doubles under five seconds of 
separation. However, the asymptotic properties of the curve 
assist in its determination. As it stands the curve fulfils well 
enough its purpose of predicting discoveries of wide physical pairs 
between eighth and ninth magnitude in the northern half, and thus 
about equally well in all of the sky. 

From the curves of Figure 2 it appears that the probable 
number of physical pairs and the expected number of optical pairs 
become equal at a separation of about 9.3 seconds for B.D. com- 
bined magnitude range, 8.0 to9.0. The combined curve of physical 
and optical pairs reaches a minimum at a separation of about 9.3 
seconds after which it rises slowly. 

Dealing similarly with double stars of B.D. combined magnitude 
range from seventh to eighth magnitude we find for c a value of 410. 
The probable number of physical pairs becomes equal to the ex- 
pected number of optical pairs at a separation of about 12”. The 
minimum of the distribution curve for both physical and optical 
doubles occurs at a separation of about 12’’.. For stars brighter 
than magnitude, 6.5, eighty per cent. of which are in the range, 
5.0 to 6.5 magnitude, the value of c is 140 and the probable number 
of physical pairs becomes equal to that of optical pairs at a separa- 
tion of approximately 14.5. The combined curve of physical and 
optical pairs reaches a minimum at a separation of about 14’’.5. 

It is notable that the expected numbers of physical and of 
optical pairs become the same at a separation of from nine to 
fifteen seconds for double stars in the magnitude range covered 
by most modern double star observation. The catalogue limits are 
50”, 20’ and 12” respectively for stars of magnitudes 6.5 or brighter, 
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7-8 and 8-9. At these catalogue limits the approximate ratios of 
physical to optical pairs for magnitudes of 6.5 or brighter, 7.0-8.0, 
8.0-9.0, are respectively 1/12, 2/5, and 5/8. 

The total number of expected physical and optical pairs to the 
catalogue limits for the ranges of combined magnitude considered 
are given in Table 5. The numbers in this table are avowedly 
approximate. The number of physical pairs is derived from a 
hyperbolic curves based on discoveries with separations between . 
one and four seconds of arc. 


TABLE 5 


Expected Numbers of Double Stars 


Magn. Limiting Physical Optical Total ie 
Range Separation Pairs Pairs . 
26.5 50” 1,370 1,700 3,070 

7-8 20” 3,350 1,170 4,520 
8-9 12” 8,960 2,010 10,970 


These curves have been extended to the catalogue limits and the 
resulting totals of pairs have been doubled to represent the entire 
sky. The optical pairs are derived from star counts which are 
statistical for the fainter magnitudes. The numbers of optical 
pairs have been increased by estimate over those in Tables 2, 3 and 
4 to allow for the use of combined magnitudes in Table 5. In order 
to express in Table 5 the number of optical pairs on the basis of 
the B.D. magnitude scale, which was used in counts of physical 
doubles, the results from Tables 2, 3, and 4 in each magnitude 
interval were multiplied by the ratio of the total number of B.D. 
stars in such interval north of the equator to the half total of stars 
over the entire sky in the same numerical Harvard photometric 
range. (The limiting faintness of the optical companions remains 
at fourteenth on the international magnitude scale.) The only 
important change thus introduced in the number of optical pairs 
was in the range between eighth and ninth magnitude. In all 
comparisons between number of physical and optical doubles as in 
Figure 2 above and Table 6 below, this reduction to the B.D. scale 
has been made. 
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Table 6 gives the expected numbers of physical and optical pairs 
and the percentage of optical doubles inside of the 5” limits and in 
the range from 5” to the catalogue limits. This table makes clear 
the very small percentage of optical doubles under Aitken’s limits. 
It suggests that wider limits are admissible. Even between 5” 
and the catalogue limits more than half of the doubles are physical 
in the important range from seventh to ninth magnitude—in actual 
discoveries far more than half since many of the numerous optical 
pairs with very faint companions will not be found. 


TABLE 6 


Numbers and Percentages of Physical and Optical Doubles under and over 
5” Separation 
Percentage of 


Magn. Physical Doubles Optical Doubles Optical Doubles 
Range 5’ to Cat. Os Cat. & to Cat. 
Limits Limits Limits 
=6.5 685 685 18 1682 2.6 71 
7-8 2215 1135 72 1098 3.2 49 
8-9 6855 2105 327 1683 4.6 44 


It is to be expected that the percentage of double stars among 
stars of brighter magnitudes should be greater than among stars of 
fainter magnitudes. This should be true among physical doubles 
because for the nearer stars more of the relatively numerous close 
pairs can be seen. It should be true for optical pairs in a smaller 
degree because for each brighter star there are more chances to 
form apparent combinations with fainter stars. For stars under 
five seconds separation, where the physical pairs are only slightly 
diluted with optical pairs, the percentages of Bonn Durchmusterung 
stars north of the equator which are known to be double are given 
for intervals of one second of separation in Table 7. The increased 


TABLE 7 


Percentages of Double Stars 
Separation 0’.00-1’.00 1’.01-2’.00 2’.01-3".00 3’.01-4’.00 4’.01-5’.00 Total 


Magn. 
= 6.5 3.35% 2.01% 1.50% 1.00% 0.75% 8.61% 
7.1-8.0 2.79 1.53 1.00 0.76 0.55 6.63 
8.1-—9.0 1.92 1.08 0.65 0.46 0.40 4.51 
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percentages of doubles among brighter stars are well shown. If, as 
seems reasonable, we assume that the form of the distribution 
curve of physical doubles with absolute separation is the same in 
each magnitude interval, the figures in Table 7 give us a means of 
determining the average relative distance of the doubles in each 
magnitude group. This is done very simply by plotting the distri- 
bution curve in each magnitude range and by determining the 
separation ratios between curves for identical percentages. We 
find that the group between 8.1 and 9.0 magnitude is 1.6 times as 
far away as that between 7.1 and 8.0 magnitude—quite in accord- 
ance with the law of apparent brightness. For stars brighter than 
6.5 magnitude the numbers are too small and the magnitude range 
too great to expect a significant result. According to the curves 
the double stars of magnitude 7.1 to 8.0 are 1.35 as far away on the 
average as those brighter than 6.5 magnitude. 

It should be noted that the percentages of Table 7 are based on 
totals of B.D. stars and thus cannot be used in predicting the 
number of doubles in fainter magnitude ranges from star counts of 
Seares and van Rhyn. Judging from Table 6 it would appear that 
the number of pairs under five seconds separation between 9.0 
and 9.5 would be at least as great as we find in the interval from 
eighth to ninth magnitude. 

It is evident from an inspection of the above results (see Table 6) 
that extension of separations to catalogue limits introduces a 
relatively great number of optical combinations for pairs with 
brighter primaries. But on the average these brighter pairs are 
nearer and the physical pairs closer for given angular separations. 
To find them we can afford to admit some optical doubles which 
themselves may prove interesting as proper motion pairs. It is 
the pairs with fainter companions which constitute the bulk of these 
chance pairs. Many of these companions will escape and have 
avoided detection especially when the separation is very small or 
the primary very bright. Thus the relatively great expected 
number of optical pairs with companions to the fourteenth magni- 
tude will not be realized, and the great numbers of pairs in the lower 
right hand corners of Tables 2, 3, and 4 will not be found except 
with large telescopes. For many years no large telescopes will be 
available to find and measure such wide pairs with faint com- 
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panions in the southern hemisphere. For the present any pro- 
gramme intended to extend the catalogues of the northern skies to 
the south pole must be restricted and such restriction must rule 
out the measurement of wide pairs with faint companions. 

For separations beyond the definition limits it may be necessary 
at present to limit all measures to pairs with companions not 
fainter than the twelfth magnitude. If this were done the number 
of optical pairs to be found and measured in the southern sky 
would be reduced to low terms whereas the number of physical 
pairs excluded would be very small. It would mean that the 
number of optical pairs included, outside of Aitken’s definition 
limits but within catalogue limits of separation, would be about 
five hundred brighter than ninth photometric magnitude for the 
whole sky. It would mean that no more optical pairs would be 
included within a range of 1” in separation anywhere within 
catalogue limits than are included in the range, 4” to 5’. It would 
also mean that all pairs beyond the definition limits could be 
measured with small telescopes. 

It is difficult as yet to decide how useful the data of the Astro- 
graphic Catalogue will be in the field of double star astronomy. 
Some conclusions can be drawn, however, from the work of S. G. 
Barton and F. A. Bellamy. S. G. Barton searched the Oxford 
Astrographic Catalogue for double stars, thus covering the zone 
from 24° to 32° north declination. Within these limits the catalogue 
contains co-ordinates of 470,000 star images. Only 233 doubles of 
Burnham's Catalogue were found, with an upper limit of separation 
usually at ten seconds. Of 236 new doubles found, with separations 
up to five seconds, all but two had primaries fainter than ninth 
magnitude and all but fourteen fainter than tenth magnitude. 
Practically no new pairs were found within the magnitude limits 
of the Lick Observatory survey. The greatest difference in magni- 
tude between components was 2.6. Relatively few pairs even 
among the faint stars were found with separations under two 
seconds and the closest pair was of 1’’.3 separation. In this same 
zone Bellamy (Monthly Notices, 77, p. 621) computed the position 
angle and distances for 436 pairs of which the majority were at 
distances of more than fifteen seconds. He found a systematic 
difference in measured separations between the results of the 
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Astrographic Catalogue and those of Burnham’s Catalogue, the 
former being progressively too small the smaller the separation, 
beginning at distances of about eight seconds. He called attention 
to the need of work on pairs between 3” and 30” separation with 
telescopes of four to eight inches aperture. 

Apparently a double star survey of wide pairs on the plates of 
the Carte du Ciel would lack uniformity because of the differences 
in focal and other conditions affecting sharpness in the same and 
different plates. Thus H. H. Turner has called attention to the 
fact that the number of stars visible in different parts of the same 
astrographic plate may be greatly affected by focal conditions. 
Such conditions must be expected when objectives of only two 
components are used. The graded exposure lengths would facilitate 
the discovery of pairs over a wide range of magnitude but combina- 
tions of stars of wide differences of brightness could be detected 
more effectively by the visual observer. Errors affecting photo- 
graphic measures of separation under eight or ten seconds are 
important considerations. Such considerations together with the 
lack of photographic material in regions of the sky especially in the 
south lay a responsibility on the visual observer to accomplish all 
that his resources make possible. 

In the southern hemisphere it happens that the resources for 
double star discovery have recently been greatly amplified. Two 
large telescopes, supplemented by smaller instruments, with five 
double star observers, are now actively engaged in surveys in the 
southern sky. It therefore seems possible to extend Aitken’s 
definition limits in some degree. 

To this end a modification of the Pickering formula defining 
limits as wide as large refractors could be expected to employ at 
present has been suggested. The equation is 


Log p’”’ =2.5—0.2 m. 


It divides the limits of Aitken’s catalogue formula by two. It 
touches Aitken’s definition limits of 5’’ at ninth magnitude. For 
brighter stars it exceeds the definition limits by important amounts, 
but by the nature of the formula the condition is maintained 
approximately that the linear separation of the components cor- 
responding to the adopted angular limits is the same for all magni- 
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tudes. And for physical pairs this means the probability of ap- 
proximately equal motion in position angle for all magnitudes at 
the separation limits. 

As interpreted in practice the separation limits expressed by 
this formula may be taken as follows or the formula may be 
applied rigorously: 


Magn. Interval...... 4-5 5-6 6-7 7-8 8-9 9-9.5 
Separation limit..... 40” 25” 15” 10” 6” 4”".5 


These limits will appeal to the statistician and to the double star 
observer of the next century much more strongly than the definition 
limits. For the observer even in the southern sky it is the pairs 
with combined magnitudes fainter than eighth that figure largely 
in a search programme. As compared with the definition limits 
this means then that in the range, 8 to 9, the definition limits will 
be increased by one second. Also a 4.5 second limit could be 
extended to 9.5 magnitude whereas the definition limit in range, 
9.0-9.5, is three seconds. This would admit many more pairs. 

When a double star survey is being made of pairs under the 
above limits of separation where c = 2.5, as at the Lamont- 
Hussey Observatory, it is a simple matter to indicate on the search 
charts the duplicity of wide pairs. If the magnitude of the com- 
panion be limited to twelfth the number of optical pairs will be 
signally reduced. Estimates of the magnitudes, position angles, 
and distances for statistical use should be made in order that they 
may be available in case no measures are obtained subsequently. 
The measures of wide pairs so found should be secured on nights 
when seeing conditions will not permit micrometrical work under 
the definition limits, or these measures should be made with small 
telescopes. Certainly no telescope of large aperture is available at 
present for micrometrical work on wide pairs in the far southern 
skies in good seeing. 

If, as seems probable, the double stars of the southern hemi- 
sphere are to be surveyed visually, eventually to Aitken’s catalogue 
limits, it will of course save time to have the wide pairs noted as 
the search for narrow pairs progresses, especially if the chart system 
of survey is employed as at the Lamont-Hussey Observatory. 
The wide pair data secured in this way will be more nearly uniform 
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with the results on narrow pairs. Hours of inferior seeing may be 
salvaged and a small telescope may be employed advantageously 
as an auxiliary to the large one. 

The practice at the Lamont-Hussey Observatory is to divide 
discoveries into two groups which include respectively those with 
separations under the formula, log p’’ =2.5—0.2m, and those with 
separations between this formula and the catalogue limits. Double 
star discoveries in the group of narrow pairs are observed several 
times at once for a normal place and later for motion. Doubles 
in the group of wider pairs will be estimated for statistical pur- 
poses and will be measured if time permits. 


SUMMARY 


Separation limits proposed to govern double star searches and 
definitions are discussed in this paper. Those of Wilhelm Herschel, 
Wilhelm Struve, Burnham, Innes, Aitken, Comstock, Jonckheere, 
Pickering, and the catalogue limits of Aitken are considered. 


The numbers of optical pairs for different separation and mag- 
nitude ranges with companions to fourteenth magnitude are 
computed. Corresponding numbers of physical pairs are derived 
from Aitken’s counts. For the B.D. combined magnitude ranges, 
> 6.5, 7 to 8, and 8 to 9, the probable number of physical pairs and 
expected number of optical pairs become equal respectively at 
separations, 14’’.5, 12” and 9’’.3 approximately. At the catalogue 
limits of 50’, 20’’, and 12” for stars in the magnitude range > 6.5, 
7.0 to 8.0, and 8.0 to 9.0 respectively, the corresponding ratios of 
physical to optical pairs in the same order are 1/12, 2/5, and 5/8. 

The large number of optical pairs with companions between 
twelfth and fourteenth magnitude, beyond which fainter limit 
companions are seldom found, is brought out—also the very small 
percentage (less than 5 per cent.) of optical pairs with separations 
under 5” separation and the large percentage (more than 50 per 
cent.) of physical pairs between 5’’ separation and the catalogue 
limits. This percentage of physical pairs is signally increased by 
omitting wide pairs with companions fainter than twelfth. 


The conclusion is drawn that further double star searches, 
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referring particularly to those in Africa, can be extended profitably 
to the separation limits of formula, 


Log p” =2.5—0.2 m, 


where p is the separation in seconds of arc and m is the apparent 
combined magnitude. As compared with the definition limits this 
extension will admit many pairs among which physical doubles will 
preponderate. Further, if the chart system of search is used the 
wisdom of recording and estimating new pairs up to Aitken’s 
catalogue limits is evident. Many new physical pairs will thus be 
found and valuable data for statistical purposes will be collected 
with relatively small expenditure of time. 
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TIDES AND SEICHES ON LAKE HURON 
By R. K. Younc 


In the summer of 1928, while spending a vacation on Manitoulin 
Island near Little Current, the writer’s interest was aroused by the 
variations in the level of the water about the camp. At one time, 
for about the duration of a day, the water oscillated through a range 
of a foot or more in a period of a few hours. Some observations 
were taken that summer by noting the height of the water on fixed 
marks on the shore. Observations of this kind are of little value, 
and I then decided to install a self-registering device. This was 
done, and on returning to the camp in 1929 a continuous record 
was obtained for about three months. 


Fig. 1.—Diagram of the instrument which recorded the water levels. 
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The gauge which registered the water levels is illustrated in 
Figure 1. The clock at A was fitted with a drum on the hour-hand 
wheel and this fed out a fine cable, allowing the carriage C to be 
drawn by the weight W from the left to the right. As the weight 
assisted the clock, no difficulty was experienced from the clock 
stopping, although it was an old discarded one. The float E re- 
sponded to the height of the water in the stand pipe T, and the 
pen P traced the water level on a sheet of cross-section paper. The 
pipe was plugged at the bottom with an old sack so that the water 
came in slowly and in this way local waves and very short period 
disturbances were eliminated. The inflow to the pipe was adjusted 
and checked from time to time so that a head of two inches of 
water would leak away in about seven minutes. The bottom of the 
cross-section paper rested on a ledge on the carriage and could 
always be adjusted in the same position. The rate of motion of the 
carriage was about six mm. per hour and the sheets had to be 
changed every 36 hours. The drum on the clock was fitted with a 
ratchet so that it could be wound back toward the left while changing 
the sheet. The rod which joined the pen carriage with the float 
was graduated and could be adjusted so as to take care of changing 
levels when the variation in 36 hours was greater than the height 
of the sheet. 

In order to refer the levels to mean sea level, use was made of a 
level mark in the bridge which connects Manitoulin Island with La 
Cloche Island. This mark consists of a lead plug about 1% inches 
in diameter, driven into the cement pier and is marked 583.00 feet 
above mean sea level. This level was carried, by water level, to the 
boat-house where the recording apparatus was housed. The condi- 
tions of making the water level measurements were not the best, 
because the bridge is in a very narrow part of the channel and there 
is always more or less current running through. A morning was 
chosen when the lake was very calm and the current imperceptible, 
but even so there might be a small error introduced. That this error 
was not large will be shown presently, but it will be checked again 
by direct level survey. With the adjustable rod set at any mark, a 
simple formula gives the height of the water above sea level for any 
position of the pen. The formula used was: 
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L = 581 ft. 6.1 in. + d in.— % (n—%) in. 
where, L = level of the lake above sea level. 

D = distance of trace from the bottom of sheet, 
n = no. of graduation on float rod where set. 

CHurdte. Georgian 

Bay 
Bay 
ty 
Lake 


Huron 


Goderich 


Fig. 2.—Sketch of Lake Huron and Georgian Bay, ‘showing the location of Little Current, 
Manitoulin Island, where the observations were made. 

The mean level of the water as measured at Little Current for 
the months of July and August was compared with the mean levels 
of Lake Huron as furnished by the Hydrographic Survey of 
Canada, in order to check the accuracy of the assumed datum mark 
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and its transfer to the location of the instrument. The mean levels 
at Little Current for these two months were 582.05 feet and 581.89 
feet, respectively, and the levels for Goderich, from the Hydro- 
graphic Office records for the same two months, 582.21 feet and 


Tides on Lake Huron near 
time of full moon. July 20, 21,22, 1929 


LunarJransit-----l Transit 


i 


Fig. 3.—The times of lunar transit across the upper meridian are marked on the bottom 
line near the right and left hand edge of the figure. Curves run from right to left. 


582.20 feet. This gives a difference of 0.26 of a foot in the first 
case and 0.31 in the second. This difference is, however, not all 
caused by error in the assumed level at Little Current. A level sur- 
face above sea level which extends in a north-and-south direction is 
not equidistant from mean sea level. The correction which has to 
be applied and which depends upon the difference in latitude of the 
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two stations, is called the orthometric correction. Correcting the 
values at Little Current for this difference, and at the same time 
correcting for the mean difference in the barometer for the interval 
covered by the observations, we obtained 582.21 feet, and 582.04 
feet. This still leaves on the average 0.13 foot error, or about 1%4 


Spring and Meap Tides 


on Lake Huron 


Fig. 4.—The curve showing the smaller variation was obtained on June 30, July 1, near 
the time of Last Quarter of the moon, and the curve showing the larger varia- 
tion was obtained on July 6, 7, near the time of New Moon 


inches. The origin of this small difference will be investigated 
when the datum mark on the bridge is carried down at a future 
time by direct levels. 

In 1905, Professor W. J. Loudon published several papers in 
the Transactions of the Royal Astronomical Society of Canada, in 
which he showed that there was a lunar tide present on Lake Huron. 
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This work was carried out at Go Home Bay, a small bay on the 
east shore of Georgian Bay. Records covering about a week of very 
calm weather gave a tide of about two inches. The records obtain- 
ed at Little Current fully corroborate this result. The records 
obtained at the latter place are too extensive to publish completely, 
one month’s record being over 150 inches long. Parts of them are 
reproduced in Figures 3, 4, 5, 6, 7. 

The weather during the month of July was very quiet on the 
average, and for one whole lunation, with the exception of a few 
days, the tidal variations are the most prominent feature on the 
sheets. It was possible to locate the positions of high water from 
day to day and we found that in 29 days, there were 56 high water 
epochs. This is exactly what should occur if the variations indicate 
a lunar tide. In general, also, the difference between spring and 
neap tide was shown if the lake was not disturbed. Figure 3 shows 
the curve for three consecutive days, from lunar transit to lunar 
transit, and Figure 4 shows the variations at time of new moon, 
and at first quarter. To illustrate further the consistence of high 
water in relation to the moon, I have estimated the times of high 
water for the lunation from June 14 to July 13, first quarter to 
first quarter, and tabulated the interval between lunar transit of 
the upper meridian and high water. These results are shown in 
Table I herewith. 


TABLE I 
Lunar | | Lunar | Lunar || (Lunar 
Transit to Transit to} |Transit to | \Transit to 
Water Water | | Water | Water 
| 
June 14) 1h 40m || June 23) 3h 00m | July 1 | 3h 45m || July 7 | 3h 00m 
i | “ 213 @ | “813 00 
* 16) 5 00 “ 30 | “ 00 “ 00 
“ 17) 4 30 “ 26;3 00 | “ 00 |} “ 10} 1 OO 
“ 18} 4 40 “ 29;3 30 | “ 5/4 00 | “ OO 
“ 20 | “ OO “ 00 “ 12|2 00 
“ 92/3 40 | 


The average interval between transit of the moon and high 
water in Table I, is about two hours and fifty minutes, with an 
average variation from this time of fifty minutes. As yet I have 
made no attempt to combine various known components of tidal 
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influence to attempt to reproduce the observed curve. Owing to 
storms, the tidal curve is completely masked at times and the in- 
vestigation would have to be confined to periods of calm weather. 
The tidal curve is usually so clearly defined in these spells that a 
better agreement could undoubtedly be obtained if more than one 
component was taken into account. 

Some rather interesting seiches are shown in Figures 5 and 6. 


cam 6am 


Secche on Georgian Bay June 19-20, 1/929 


Fig. 5.—The seiche started about 5 a.m., June 19, and its effects can be traced for nine 
or ten complete vibrations. 


One should look at the map of Lake Huron and Georgian Bay and 
at the location of the tide gauge when examining these figures. The 
narrow channel which separates Manitoulin Island from La Cloche 
Island, less than two hundred yards wide, effectually screens Mani- 
towaning Bay, together with Macgregor Bay, from disturbances 
in the North Channel. Manitowaning Bay is almost land-locked 
from Georgian Bay by the fairly narrow channel between Cape 
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Smith and Badgley Point. Georgian Bay, in turn, is shielded from 
the full effect of disturbances in Lake Huron by a chain of islands 
and shallows which run from Cape Hurd to the lower point of 
Manitoulin Island. One can imagine either Manitowaning Bay or 
Georgian Bay vibrating independently from Lake Huron. Disturb- 
ances originating in the larger body of water would suffer great 
retardation before reaching Georgian Bay, so that in all probability, 
the period of the seiche would be that of the smaller body of water. 


July 28 


June 


July 2 


Seale div = Bhrs. Secches on Manilowaning Bay 


Fig. 6.—These curves represent a short-period vibration, with a period of 50 to 80 minutes, 
of very frequent occurrence. 


The amplitudes of the sciches on Georgian Bay, as observed at Little 
Current, are much smaller than on Lake Huron, which rather con- 
firms the idea that those observed refer to Georgian Bay. 

Any computation of the expected period of a seiche is subject 
to great uncertainty, for the water may vibrate in any direction, 
and the extent of the bay as well as its mean depth is dependent 
on the direction. In addition to the main period, obtained by con- 
sidering the lake as vibrating as a whole, there may be a number 
of harmonics present with shorter periods, and indeed the har- 
monics may exist without the primary. The usual approximate 
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formula for computing the natural period of vibration of a body of 
water whose dimensions are great as compared to the depth is: 


T =21/Vgh 
where, l=the length in feet, 
g=the acceleration of gravity, feet per sec. per sec., 
h=the depth in feet, 
T=the time of a complete vibration. 
Applying this formula we obtained the following figures :— 


Lake Huron, lengthwise 7 hrs. 
Lake Huron, E to W 3 hrs. 
Georgian Bay, lengthwise 5 hrs. 
Georgian Bay, E to W 2 = hrs. 
Manitowaning Bay, lengthwise 80 min. 
Manitowaning Bay, E to W 30 min. 


The seiche in Figure 5 could be interpreted either as a vibration of 
Lake Huron or Georgian Bay. Probably the only way to decide 
this would be by simultaneous observations. Observers report much 
larger variations on the large lake than those recorded at Little 
Current. These comparatively large fluctuations in level, which are 
of almost daily occurrence would, to a large extent, mask the tide. 
A station like Little Current, which is sheltered from the major 
part of the disturbances, is ideally situated to show the tidal 
variations. 

The short period oscillations, which are shown for various 
dates in Figure 6, are of very frequent occurrence. They may be 
due to a vibration of Manitowaning Bay as a whole, or to harmonics 
in Georgian Bay or Lake Huron. Here again simultaneous ob- 
servations would be of great help. 

The cause of the vibrations in the waters of a lake has always 
been an enigma, and it has been variously ascribed to barometric 
variations, or wind. In the three months for which observations 
were taken, seiches were observed on June 19 and 20 only, though 
on July 25, and August 13, there were vibrations of the nature of 
the seiche lasting for two or three periods only. During the whole 
period in which the observations of water level were taken, notes 
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the seiche of June 19-20, as well as on these dates too, the weather 

was remarkably calm, and this was true not only at Little Current, 

but over the lake generally. It may be of interest to give extracts 
from the daily weather journal. 

June 17—Very light winds all night, reflections of land showing in water 
in early morning, still visible at 10 am. Wind 5 miles + N.W. 
Very light winds all day, mostly from S. or S.E. till about 5 p.m. 
Now blowing about 10 from S. or S:W. 

June 18—No wind all night, very calm, morning wind jn E. about 8 miles. 
At 2.30 p.m. wind blowing 15 miles S.W. Wind about same all 
afternoon, falling to 8 or less about 6.30, lake smooth. 

June 19—Wind light all night, breeze from West near sunrise. 8.30 a.m. in 
West about 10 miles. 3.34 p.m., rod shortened to 18th mark. Water 
rising! 5.08 p.m., rod lengthened to 22nd mark again! 

June 20—6.30 a.m. Wind 7 miles W. Lake like a pond. No wind all day. 

The seiche started about 5 a.m., June 19, and lasted to 6 p.m. 

on the 20th. While the weather was quiet at Little Current and 
generally also over Lake Huron, as indicated by the weather chart 
for those days, there were local thundershowers over the lake. 
Thundershowers were marked on the Lake Huron weather chart 
for July 25 also. No thundershowers are marked for August 13, 
but in my weather notes, there is “Thundershower here”. On all 
three dates, therefore, when there were seiches, the lake was dis- 
turbed by thundershowers. Looking over the weather charts for 
the interval covered by the observations, we find no other days on 
which thundershower marks occur over the lake, though on some 
charts there were showers over Western Ontario, and on the north 
shore. The evidence points strongly to the thundershower as an 
active agent in the production of the seiche. 
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A DETERMINATION OF MAGNITUDES, SPECTRAL 
TYPES AND COLOUR INDICES IN THE SCUTUM 
CLOUD, WITH A STATISTICAL DISCUSSION* 


By C. J. Kriecer, in Lick Observatory 
Bulletin No. 416 


The Scutum Cloud, centred at R.A. 185 50™, Decl. —6° and 
covering roughly 6° by 8°, is the brightest part of the Milky Way. 
Several determinations of its distance have previously been made, 
the results ranging all the way from 1500 to 7000 parsecs. The 
need was thus felt for a more definite determination of its distance 
with the resulting density and luminosity distribution. The author 
bases his work upon the well-known fact that within a spectral sub- 
division the range of absolute luminosity is small, and he simply 
sets out to obtain the photographic magnitudes and spectral types 
of the stars in sample areas of the cloud from which the distance 
logically follows. 

Using the Crossley reflector he secures photographs of the 
selected fields and on each of these plates there is given an equal 
exposure of the North Polar Sequence. By comparison of the 
diameters of field and sequence stars, he is enabled to assign photo- 
graphic magnitudes down to a limit of 18™. 

With the two-prism slitless quartz spectrograph, he obtains 
spectra of stars as faint as 13™ with a four-hour exposure. From 
the 13th to the 18th magnitude, he uses the method of colour indices 
to estimate the type, basing his results on those stars brighter than 
13™, whose types were thus directly determined. 

For these colour indices two filters were used, one isolating 
the region \ 4000, and the other the region 5500. Ten-minute 
exposures gave satisfactory images down to 15™.5. In the case of 
longer exposures, necessary to reach the fainter stars, there was 
danger of observing conditions varying, and thus vitiating the com- 
parisons. To overcome this, the device of a filter, half of which 
~~ *Reviewed in Seminar Talk No. 146, D.A.O., by W. E. Harper. 
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would isolate the violet, and the other half the yellow, was em- 
ployed, so that the violet image on one half the plate, and the yellow 
image on the other half, were obtained simultaneously under identi- 
cal conditions. In this way fairly approximate spectral types were 
secured for the 1950 stars whose photographic magnitudes had 
just been determined. 

Assuming the depth of the Cloud small as compared with its 
distance, the observed magnitudes may be looked upon as_ the 
relative absolute magnitudes, and plotting them against colour in- 
dices, a semblance of the usual reversed figure 7 is obtained. 
Assigning accepted values for the absolute magnitudes for each 
type, he finds a distance for the Cloud of 2800 parsecs. Taking 
each type separately and plotting the numbers in each magnitude 
interval, the graphs show an enormous increase in the late type 
dwarfs. Assuming again that the depth of the Cloud is of the 
order of its width, the density of each spectral class per cubic par- 
sec is evaluated. The Cloud is poor in B-types, equally rich in F- 
and G-types, and richer in the late types with a larger proportion of 
dwarf stars as compared with the neighbourhood of the solar 
system. 
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LONG RANGE WEATHER FORECASTS* 
By F. Napier Denison 


This is a subject that for years has created much discussion and 
criticism, and it is with diffidence I have accepted your invitation to 
speak on this subject. 

However, it is hoped that the information presented may be 
instructive and may lead to a further study of what may prove of 
great practical value. 

At the March meeting of the Western Forestry Association held 
at Seattle, I was invited to present a paper on “Will Science ever 
predict Fire Weather or Fire Seasons far in Advance?” 

This paper was favourably received, and a general forecast then 
made that this last summer would probably be abnormally fine, hot 
and very dry on the Pacific Slope, has to a large extent been verified. 

To obtain this information curves of the annual and summer 
precipitation records for Victoria, which go back 55 years, were 
closely studied, and also similar ones from the Vancouver, Kam- 
loops and Stuart Lake records. 

The Victoria record clearly indicates some interesting fluctua- 
tions in the annual amounts, and, from the curve for the summer 
months, dry and wet periods are shown, some of fairly regular 
intervals. It is interesting to note that the summers from 1874 to 
1879 were abnormally dry, and from 1924 to 1928 the summers 
have been just as dry, while from 1890 to 1894, wet summers 
occurred, followed by a period of about normal summers to 1910. 

Nineteen hundred and twelve was the wettest summer on record, 
followed by a general decrease in rainfall to the present time. 

Turning to the Vancouver summer rainfall records which date 
back to 1901, we again find 1912 was abnormally wet, and from that 
date to the present the summers have steadily become drier. 

In order to see what changes have occurred in the summer 
temperatures throughout this Province, the average temperature of 
the months of June, July and August were taken for Vancouver, 

*A paper read before the Victoria Centre, R.A.S.C., October 29, 1929. 
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Long Range Weather Forecasts 459 


Kamloops, and Stuart Lake, the latter representing the Northern 
Interior. 

From these averages one finds that at Vancouver there are 
several regular fluctuations of about twelve years, but underlying 
these can be seen a steady rise, especially from 1909 to 1928 amount- 
ing to about three degrees. 

In the case of Kamloops, where the records go back 32 years, 
we find several warm summers about 1897, followed by a cool one 
in 1900, then warmer to 1905 and 1906, then cooler summers con- 
tinued to 1911 when there set in a marked and almost regular rise 
until the present time, amounting to over 214° Fahr. 

Taking the summer temperatures as recorded at Fort St. James, 
Stuart Lake, where observations have been taken for our Service 
for 36 years, we find that hot summers are shown in cycles of about 
nine years’ period, but running through the whole record is to be 
noted an almost steady increase in temperature amounting to nearly 
six degrees. 

The annual temperatures are not used in this discussion, as cold 
winters sometimes occur with warm summers and reduce the annual 
average to or below normal. 


As these interesting temperature changes and marked decrease 
in rainfall in this Province and other portions of the world are part 
of the great and complicated meteorological changes which have and 
are taking place throughout this sphere, it is necessary, in order to 
endeavour to account for these, to refer to previous work on this 
subject by reliable authorities such as Dr. Humphreys of the U.S. 
Weather Bureau at Washington and Dr. Abbot, also of Washington. 

In the former’s great work entitled “The Physics of the Air,” he 
points out that certain changes noted on the sun’s surface have some 
effect upon our climate, and that the great solar storms, or more 
commonly termed “sun spots”, when most numerous have a tendency 
to reduce slightly the temperature of our air, and when these storms 
are either entirely absent, or few in number, our earth receives more 
solar heat. 

These storms, or spots, appear in fairly regular cycles of about 
11 years, though other much longer periods have been noted, and 
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also that some periods of maximum sun spots are not nearly so 
pronounced as at others. 

Dr. Humphreys has published an interesting diagram giving the 
annual number of sun spots dating back to 1750, and below this 
curve the departure from normal of the temperature as taken from 
numerous parts of the world is also shown for the same period. 

A close study of these curves is most interesting, and it clearly 
shows the 1l-year sunspot cycle, and also that when the sun spots 
are at a minimum the world’s temperature is usually above the 
normal, and that periods of maximum solar disturbances appear to 
reduce our temperature. 

There are, however, to be seen some marked exceptions to this 
rule, and to account for these the author has placed below the 
temperature curve the dates of some of the world’s greatest volcanic 
eruptions, and he points out that,,at the time of these, vast quantities 
of fine dust were blown to great heights where they were carried 
by the upper air currents around the earth, causing a screen which 
prevented a portion of the sun’s rays reaching the earth’s surface. 
Such conditions may last for a year or more after these great 
eruptions. 

Dr. Humphreys cites the great cold of 1784 and 1785 which was 
preceded by the great Asama eruption. 


The great cold of 1816, which was termed the year without a 
summer in the United States, was preceded by numerous serious 
eruptions, including Tombora, which killed 56,000 and caused dark- 
ness for 300 miles for three days. 

Coming to more recent times the great Krakatoa eruption of 
1883, which blew up half the island and caused such wonderful red 
sunsets for several years, evidently affected the temperature of 1885. 

In 1912 the great Katmai eruption in Alaska caused a world- 
wide drop in temperature, and locally not only did the fine dust 


extend to Victoria, but the sulphur fumes affected metal parts 
exposed here also. 


Dr. Abbot, now Secretary of the Smithsonian Institution, Wash- 
ington, has for a number of years been recording the solar tempera- 
ture as taken at mountain stations in South America and in Africa, 
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and these also point to certain cycles in connection with the sunspot 
curves. 

From what has been said it would appear that we are justified in 
stating that our weather does come in cycles, and that it is quite in 
order to strive to fathom the periodicities of these and to determine 
their causes. 

We have a splendid example of this in the grand work which 
for years has been carried on by Sir Gilbert Walker in India on the 
long range forecasting of the monsoons which means so much to 
that densely populated country, and how wonderfully accurate these 
forecasts are becoming. 

From a study of over thirty years of these great weather changes 
on this North Pacific coast, one is convinced that they are part of 
the rhythmic changes ever active throughout our vast ocean of air, 
which when better known will make it possible even on this con- 
tinent to forecast the weather months or even a year in advance, 
and this information would be of great practical value to many, such 
as the farmers of our vast interior, our efficient forest fire pro- 
tection services both provincial and dominion, and the great water 
power companies. 

In conclusion, in looking over the abnormal world weather dur- _ 
ing the past year one is struck by the number of records broken for 
many years as to intense cold in Europe, depth of snow extending 
to southern France, zero weather in London, followed by intense 
heat and droughts in the British Isles and Europe. On this con- 
tinent intense heat and severe drought in many parts, including 
Ontario and the prairie provinces, also on this Pacific slope, the 
months of July, August and September were the driest and warmest 
on record and they were also very bad forest fire periods extending 
even to California. 

From the above abnormal conditions may we ask what is in store 
for the world as to weather during the coming year, and are we 
entering into the 100-year weather cycles referred to in Europe 
upon several occasions? 


Gonzales Observatory, 
Victoria, B.C. 
October, 1929. 
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NEWS AND COMMENTS 


Dr. Alice H. Farnsworth, professor of astronomy at Mount Holy- 
oke College, was elected president of the American Association of 
Variable Star Observers at its recent meeting held at Harvard 
University (Science). 

From Nature we learn with deep regret that Professor Frank E. 
Baxandall of the Solar Physics Observatory, University of Cam- 
bridge, died suddenly on October 30, in his sixty-first year. 

In Science of November 29 is given the preliminary announce- 
ment of the eighty-sixth meeting of the American Association for 
the Advancement of Science, to be held at Des Moines, December 
27 to January 1. Astronomy Section (D) will hold sessions on 
Monday and Tuesday, December 30 and 31, on the latter date at 
the University and the City Observatory. Dr. J. S. Plaskett, vice- 
president and chairman of Section D, will give his retiring address 
on “Motions of the B-Type Stars”. Professor Edwin B. Frost 
will speak on “Some Aspects of Celestial Evolution”, and Professor 
Philip Fox on “The Adler Planetarium and Astronomical Museum 
of Chicago”. 

Professor Boris Gerasimovic has returned to Kharkov, Russia, 
after spending three years at the Harvard College Observatory as 
research associate. Professor Svein Rosseland, director of the 
University Observatory at Oslo, Norway, is at Harvard University 
for the year, lecturing on cosmic physics. (Science). 

Father Francis A. Tondorf, director of the Seismic Observatory 
at Georgetown University, died suddenly on November 29 at the 
age of fifty-nine years. (Science). 

The University of Paris recently conferred the degree of doctor 
honoris causa on Professor Albert Einstein. 

During the meetings of the American Astronomical Society at 
Harvard College Observatory, December 30 to January 2, an ex- 
cursion wil] be made to the General Electric plant at West Lynn, to 
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News and Comments 463 
see the work on fused quartz mirrors. A session will be held at i 
the Whitin Observatory of Wellesley College. a} 
The first method of making a bubble-free surface on fused quartz a 


mirrors by the use of great air pressure, has been replaced at the 
General Electric plant at West Lynn by the use of an oxy-hydrogen 
blowpipe through which is fed finely powdered quartz crystals, thus 
making it possible to coat the white quartz casting with a trans- 
parent layer, free from bubbles. This is a very important contribu- 
tion to the making of astronomical reflectors. 

Mr. E. A. Hodgson left the Dominion Observatory on December 
21 on invitation to be present at a demonstration of a seismic method 
of acquiring information concerning oil deposits, to be tested the 
end of the month in the Turner Valley oil-fields near Calgary. 


SUN AND MOON 


Judge—“What is your name?” 

Captive—“Joshua.” 

Judge—“Are you the man who made the sun stand still ?” 

Captive—“No. I’m the man who made the ‘moonshine’.” 
REDeL. 
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NOTES AND QUERIES 


will try to secure answers to que 


oF Epwin E. S.Losson. 


The death on October 15 of Edwin E. Slosson is a distinct loss 
to science. He was born in Albany, Kansas, in 1865. He graduated 
from the University of Kansas, and in 1891 went to the University 
of Wyoming as professor of chemistry. In 1902 he was awarded 
the Ph.D., degree by the University of Chicago. In 1902 he became 
literary editor of the Independent which position he held until 1921 
when he became director of Science Service, then newly organized 
for the purpose of disseminating authoritative information regarding 
advances in the natural sciences. In this work he was notably 
successful. He was the author of several books, all written in a 
lively and interesting manner and with a good knowledge of his 
subject. Fortunately Dr. Slosson had gathered about him a young 


and active staff which will be able to carry forward the work so 
well established. 


AUDIBILITY OF THE AURORA 


In the Journal for November, I read with much interest your 
quotation from the book, “The Canadian Naturalist,,” in connection 
with the remarks made by P. H. Gosse on the possibility of hearing 
the Aurora Borealis. I have seen many very brilliant displays of 
the Aurora Borealis in Eastern Canada, the Central West and North- 
ern Alberta, but only on one occasion did I hear any sound. About 
twenty-five years ago, in Sackville, New Bruswick, on a still frosty 
night, as I watched the lights running across the sky, I heard very 
distinctly a rustling, or crackling, sound. I listened very intently 
as up to that time I did not know that such a sound was ever heard. 
On looking the matter up in my encyclopedia I found that on rare 
occasions the Aurora Borealis makes a sound such as I have des- 
cribed, and shortly afterwards I found reference to the same matter 
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in Wordsworth’s Poem entitled “The Complaint of a Forsaken Indian 
Woman”.—W. H. Harrison, 1042 Linden Avenue, Victoria, B.C. 


THE Moon AGAIN 


The present writer received much pleasure from a recent book 
by Edward Thompson, entitled “Crusader’s Coast”. It deals with 
incidents in Palestine and Syria during the war and some years 
later, is written in excellent style and contains matter not obtainable 
elsewhere. There are minute accounts of the flowers and animals 
seen, but a description of the behaviour of the moon is peculiar, 
to say the least. The scene was in the rugged gorge of Nahr Ibra- 
him, the River Adonis, northeast of Beirut and the time was the 
end of August, 1927. 

The moon was at crescent; and, watching the way it rose above the tre- 
mendous eastern precipice and wandered slowly over our valley, looking 
deeply into the cavern and throwing, as it were, a lantern’s rays on its in- 
most crevices, to disappear over the western crags just when the rout of 
stars stormed the sky, it was easy to understand why the horned Astarte was 
thought of as the deity who ruled these springs. For there was a peculiar 
intimacy in the way she sauntered—yes, that was it—above the cliffs and 
across the heaven, gazing with listless brilliance down, neglecting the rest 
of the world. The moon at full would have been high above the valley 
before the daylight had gone; but the crescent moon seemed to walk its 
sides.—“Crusader’s Coast”, p. 187. 

Reference to the “‘Nautical Almanac” shows that the moon was 
new on the morning of August 27. It is hard to see how a young 
moon could move according to the description. 


Nor JUST ON THE NILE. 


In the November Atlantic Monthly is an article by A. Edward 
Newton, whose pen seems to be tipped with radium, as it is con- 
tinually scintillating with flashes of wit. He is describing a visit 
to Egypt and referring to the trip up the Nile, he says :— 

There is a curious optical illusion on the Nile; as one sits contentedly 
in one’s steamer chair watching the ever-changing panorama, the background 


of the picture seems to be proceeding in the same direction as the steamer, 
while the foreground is moving rapidly astern. 


Of course this is parallactic motion always seen as one moves for- 
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ward, whether in a horse-drawn vehicle, a motor car or by another 
method. The restful voyage on a Nile steamship apparently gave 
time for observing the surrounding country. 


Tue 200-1NcH MIRROR. 


In the November Harper's Magazine, Dr. G. E. Hale gives an 
extended account of the proposed 200-inch telescope—how the pro- 
ject originated, its present status, and also an answer to criticisms 
of the great expenditure on such an astronomical instrument. Per- 
haps the most interesting part refers to the production of the mirror, 
and I take the liberty of quoting this: 


In the days of Herschel and Lord Rosse the mirrors of reflecting telescopes 
were made of speculum metal, a silver-like alloy of tin and copper, which 
takes a beautiful polish and retains it for many years. Subsequently, mirrors 
of glass, silvered on their front surface, were introduced and universally 
used. Glass is lighter than speculum metal, and silver reflects a greater 
proportion of blue light, though speculum metal is much more efficient as a 
reflector of the ultraviolet stellar rays. Moreover, as glass is a poor con- 
ductor of heat, the outer parts of large thick mirror discs change in tem- 
perature more rapidly than the interior as the air in the open dome grows 
warmer or colder from night to night. Thus their curvature is more or 
less affected, and this means that the stellar image, instead of being nearly 
a point, may often be expanded into a much less brilliant disc. 

The most promising means of overcoming this difficulty is to make the 
mirror of fused silica or quartz, which is not appreciably affected by change 
of temperature. Dr. Elihu Thomson and his associate, Mr. A. L. Ellis, had 
already solved at West Lynn, Massachusetts, many of the technical problems 
involved in the use of fused quartz, and our first step was therefore to 
secure their co-operation and that of the General Electric Company. Presi- 
dent Gerard Swope immediately agreed to have the work done in the Thom- 
son Research Laboratory at actual cost, with no charge for commercial or 
administrative expenses. The special methods required for producing large 
discs have since been developed, with every promise of success. 

The procedure adopted is to begin with the manufacture of mirrors of 
moderate size, then to undertake the 60-inch and larger mirrors needed for 
auxiliaries, and finally to make the 200-inch disc itself. A 20-inch disc has 
already been made, and the 60-inch stage will soon be entered. Some con- 
ception of the magnitude and difficulty of the ultimate task may be gained 
when it is stated that the fundamental problem is to construct a rigid con- 
cave mirror nearly 17 feet in diameter (200 inches), many tons in weight, 
whose surface is parabolically curved with an error less than two millionths 
of an inch. 
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The process consists of fusing a mass of nearly pure silica sand in a 
circular electric furnace which constitutes the mold. The disc thus obtained, 
which contains innumerable small bubbles, is ground to the approximate 
curvature of the mirror desired, and then coated to a sufficient thickness with 
perfectly transparent quartz, free from bubbles. This crystalline quartz, in 
finely ground form, is sprayed on to the hot disc by means of an oxy- 
hydrogen flame; and the development of multiple burners needed for coat- 
ing large surfaces without flaws has been one of the principal difficulties 


overcome. On this transparent face of water-clear quartz the final grinding, pate 
polishing, and figuring will be done. Finally, a thin coating of pure silver oh. 
will be chemically deposited on the finished surface, just as is done periodic- oa 


ally in the case of such glass mirrors as that of the 100-inch Hooker telescope 
on Mount Wilson. 


Tue Loss or THE “CARNEGIE”. 


The scientific world learned with great regret of the destruction 
of the non-magnetic ship Carnegie, as the result of an explosion in 
the harbour of Apia, Samoa, on November 30, with the loss of its 
master, Captain J. P. Ault. 

On May 1, 1928, the ship left Washington for a three-year cruise. 
On board was a crew of 17 and a scientific staff of 7. After cover- 
ing 33,000 miles she returned last summer to San Francisco, from 
which port she sailed on September 3, and after 8,100 miles reach- 
ed Apia. It is reported that the accident occurred while the ship’s 
fuel tanks were being filled with gasoline. 
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MEETINGS OF THE SOCIETY 


AT VICTORIA 


Oct. 8~—The meeting was held in the Victoria High School, and was 
opened by President J. A. Pearce. 

The following new members were elected: 

Robert Ivan Knight, 729 Pemberton Rd., Victoria. 
T. J. Greenaway, 1647 Monterey Ave., Victoria. 

The speaker for the evening was Dr. G. M. Shrum of the Physics De- 
partment, University of B.C., who took as his subject, “Phosphorescence 
and Fluorescence”. The subject was taken up first from a theoretical point 
of view, and the various causes operating to make bodies luminous were 
discussed. The difference between phosphorescence and fluorescence was 
explained on the basis of atomic physics, and some mention was made of the 
curious phenomena of tribo-luminescence and thermo-luminescence. 

The feature of the evening was the series of remarkable experiments 
by which Dr. Shrum illustrated his lecture. In a darkened room the great 
variety of fluorescent colours produced by substances in the solid, liquid 
and gaseous states, when illumined by ultra-violet light, was a spectacle of 
very great beauty and one which was indelibly impressed on the minds of 
the audience. It is doubtful whether anyone present had before seen at 
one time, the various phenomena of phosphorescence and fluorescence so 
completely represented. 

At the close of the meeting, a hearty vote of thanks, moved by Dr. J. S. 
Plaskett, and seconded by C. S. Beals, was tendered the lecturer. 

Water H. Gace, Secretary. 

Oct. 29—The meeting was held at Victoria College at 8 p.m. Chairman, 
Dr. C. S. Beals. 

Mr. W. H. Martin, 589 Toronto St., Victoria, was elected a member of 
the Society. 

In introducing the speaker of the evening, the chairman’s remarks were 
received with applause, when he referred to the invaluable work accomplish- 
ed by Mr. F. Napier Denison at the Meteorological Observatory, and to the 
kindly and patient reception always accorded to visitors there. 

Mr. Denison then proceeded to address the society on “Long Distance 
Weather Forecasting”. Several diagrams were shown on the screen, by 
means of which the rainfall, the extent of forest fires, and the frequency of 
sun-spots, were seen for many years. One diagram showed the close re- 
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lationship between forest fires and summer rainfall; another compared the 
periods of sun-spots to the change of the Earth’s temperature and also to 
the frequency of volcanic disturbances. The curves in some of the dia- 
grams showed a rising and falling with obvious regularity so that one might 
easily suggest the continuation for future years. If this could be done with 
accuracy, the speaker emphasized, how tremendous would be its value to 
some people in India, for instance, whose very existence depends upon the 
rainfall, and to us in British Columbia, where the forests might be especially 
well guarded in years when greater destruction by fire is anticipated. 

Mr. Denison’s address was followed by an instructive discussion, and 
several members of the society had questions to ask. 

P. H. Hucues, Acting Secretary. 


AT TORONTO 


Oct. 22—The regular meeting was held in the Physics Building of the 
University of Toronto at 8 p.m. Mr. J. R. Collins in the chair. 

The following were elected members of the society :— 

James H. Logan, 327 Hartley Hall, Columbia University, New York. 

Miss Ruth C. Rogers, 5 Foxbar Rd., Toronto. 

Rev. A. E. Lunau, Richmond Hill, Ontario. 

John A. Marsh, Canada Porcelain Company, Hamilton. 

Walter C. Goddard, Canada Porcelain Co., Hamilton. 

Fred L. Troyer, 123 Keewatin Avenue, Toronto 12. 

C. R. Merrill, Airdrie, Alberta. 

Allan Jordan, Box 329, Brampton, Ont. 

Samuel O. Hoffman, 355 Hayes St., San Francisco, Cal. 

Prof. R. N. Van Arnam, Lehigh University, Bethlehem, Pa., U.S.A. 


The paper for the evening was by Mr. B. G. Whitmore, B.Sc., on “Some 
phases of the Analysis of Light”. Mr. Whitmore traced the development 
of spectrum analysis since the time of Fraunhofer, and dealt briefly with 
some important recent applications, illustrated with a number of beautiful 
experiments. The meaning and nature of the dark and bright line spectra 
and their changes under varying temperature, pressure, and magnetic con- 
ditions were explained; the results of the Doppler and the Zeeman effects 
being particularly dealt with. It was graphically shown how a light-emitting 
body, such as a star when receding from us, must lengthen out its emitted 
waves in direct proportion as its velocity of recession is to the velocity of 
light; when the light is passed through the spectroscope the waves will 
then appear to an observer to be all longer than they really are, and the 
entire system of lines in the spectrum will be bodily displaced towards the 
long-wave, or red end of the spectrum; and conversely, when the light- 
emitting body is approaching us, the emitted waves become crowded together 
and the system of lines is shifted towards the short-wave or violet end of 
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the spectrum. As the velocity of light is known, also the length of the 
normal wave, the departure either way reveals the velocity of approach or 
recession, as the case may be. 

Regarding what is known as the “Zeeman effect”, it was explained that 
it had been noted in the laboratory that when light was passed between the 
poles of a powerful electro-magnet, or through a strong electrical field, the 
lines were split wp and shifted one on each side of the normal in a character- 
istic way, the amount of such displacements indicating the strength of the 
magnetic field. In this way something of the nature and strength of the 
magnetic and electrical conditions surrounding a sun-spot may be deter- 
mined visually. Light also, it was stated, might, as regards its velocity, be 
affected while passing through a strong gravitational field. 

The thanks of the audience to the lecturer were expressed by the 
Chairman. 


Nov. 5—The meeting was held in the Physics Building of the University 
of Toronto at 8 p.m., Mr. J. R. Collins in the chair. 

The chairman referred to the cosmic ray, and the possibility of its use 
medically with benefit. Instead of the usual lecture, the meeting took the 
form of an “amateur night”, in which members described telescopes which 
they had made, and how they had used them. Mr. A. R. Hassard, the first 
speaker of the evening, referred to Jupiter and its present appearance high 
in the heavens most of the night. Mr. Hassard showed a home-made baro- 
meter, and some of the equipment used in making his telescope mirrors. 

Mr. H. L. Rogers was then introduced. He very lucidly explained how 
he constructed his 6-inch reflecting telescope. Mr. Rogers had brought this 
telescope with him, and the audience admired greatly the handiwork displayed 
in it. 

Rev. Dr. Marsh then spoke of the refracting telescope, and showed a 
slide of a 5-inch instrument made by himself and his two sons. Dr. Marsh 
has made about 20 telescopes, importing the lenses, and making the fittings 
at home. 

E. J. A. Kennepy, Secretary. 


(Other Minutes held over.) 
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Amateur Telescope Makers, 293; 
470. 

American Astronomical Society, 47; 
41st Meeting, R. S. Dugan, 104; 
42nd Meeting, 287; ditto, R. E. 
DeLury, 343; 43rd Meeting, 462. 

Ami, H. M. (personal), 192. 

Amundsen’s Dash for the Pole 
(Gibbs), 150. 

Annual General Meeting of the So- 
ciety, 131. 

Asteroids in 1926-27, 122. 

Astrology, Lecture by Pannekoek, 
422; see p. 359. 

Astronomy and the Layman, Lec- 
ture by Ogden, 243. 

Astronomy by Radio (Dustheimer), 
50; see Radio Talks. 

Astronomy, Current Progress in, 
W. E. Harper, 119; in Everyday 
Life, W. E. Harper, 93; Some 
Practical uses of, (Eddington), 
419. 

Astrophotographic Station of La 
Haute Provence, Em. Touchet, 
295. 

Atmospheric Optics, Lecture by Mc- 
Taggart, 420. 

Aurora, Audibility of, (Gosse), 418; 
(Harrison), 464. 

Auroral Research, International Co- 
operation for, Carl Stérmer, 1. 
Aurora and Magnetism, Remarks on, 

G. H. Blanchet, 291. 

“Autocomparator”, The, W. H. 

Christie, 90. 
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Baxandall, F. E., death of, 462. 

Beals, C. S., Mira, the Wonderful 
Star, 8; Photography of the 
Planets, 220. 

Bieler, E. S., death of, 377. 

Blanchet, G. H., Remarks on Mag- 
netism and the Aurora, 291. 

Book Reviews, see Review of Pub- 
lications. 

Brigden, E. E., The Constellations 
(Lecture), 197. 

Brown, M. A., Crescent Venus, 144. 

Brownell, G. M., Volcanic Activity 
(Lecture), 244. 

Burton, E. F., Scattering of Light 
(Lecture), 54. 


Campbell, W. W., (personal), 287; 
Terrestrial Magnetism, 406. 

Canadian Geographical Society, 376. 

Canadian Journal of Research, 420. 

“Carnegie”, Loss of the, 467. 

Chant, C. A., Meteors and Meteor- 
ites (Lecture), 422. 

Chilean Branch of Lick Observatory, 
358. 

Christie, W. H., (personal), 47; The 
“Autocomparator”, 90; The Spec- 
troscope and its Work, 247. 

Clock, “Synchronome”, for Ottawa, 
143. 

Coats, D. R. P., Radio to Mars 
(Lecture), 148. 

Coleman, A. P., Ice Ages (Lecture), 
52. 
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Colgrove, W. G., The Planet Earth, 
163. 

Comets, Lecture by Motherwell, 52; 
of 1928, 122. 

Cometary Spectra, A Synopsis of, 
F. S. Hogg, 55, Pl. IX. 

Commonwealth Observatory, 229. 

Constellations, The, Lecture’ by 
Brigden, 197. 

Cosmic Radiation, R. M. Petrie, 101. 

Cosmic Rays, R. O. Redman, 11; 126. 

Crump, C. C. (personal), 375.. 

Current Progress in Astronomy, 
W. E. Harper, 119. 

Curtiss, R. H., On the Separation 
Limit of Double Stars, 423. 
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DeLury, R. E., 42nd Meeting of 
A.A.S., 343. 

Denison, F. N., Long Range Weather 
Forecasts, 458; see p. 468. 

Deterioration of Silvered Glass 
Mirrors, R. K. Young and V. 
Krotkov, 399. 

Distance Indicators, W. E. Harper, 
274. 

Double Stars, 123; (Redman), 236. 
Paper by W. E. Harper, 267; On 
the Separation Limit of, R. H. 
Curtiss, 423. 

Douglas, A. V., (personal), 192; 
Solar System and Milky Way 
(Lecture), 196; Signs of the Zo- 
diac (Lecture), 239; A Multiple 
Rainbow seen on the St. Lawrence 
R., 349. 

Duff, J., Venus Observations, 230. 

Duffield, W. G., death of, 376. 

Dugan, R. S., 41st Meeting of 
A.A.S., 104; (personal), 143. 
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Earth, The Planet, W. G. Colgrove, 
163. 


Earthquakes, Rotation Effect in, 379. 

Eclipse Derby, 288. 

Eclipse of May 9, 112, 143, 229, 287; 
of April 28, 1930, 287. 

Eclipsed Moon, Quality of the Light 
of, P. M. Millman, 201, 342.. 

Einstein, Albert, (personal), 462. 

Esclangon, E., (personal), 375. 

Ether Drift, (Miller), 129. 

Exploring Space, W. E. Harper, 383. 
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Farnsworth, A. H., (personal), 462. 

Fireballs, Two More, 378. 

For Consolation, (Poem), Kilbee 
Gordon, 232. 

Fox, Philip, (personal), 375. 
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Galaxy, Rotation of, 124; Centre of, 
125, 219. 

Gerasimovic, B., (personal), 462. 

Gibbs, J. R., Amundsen’s Dash for 
the Pole, (Lecture), 150. 

Gillson, A. H. S., Tides, (Lecture), 
294. 

God Save the King, (Poem), Kilbee 
Gordon, 38. 

Gordon, Kilbee, How Marvellous the 
Heavens, (Poem), 37; God Save 
the King, (Poem), 38; For Con- 
solation, (Poem), 232; Stellar In- 
fluences, 302; see page 237. 

Gravitation and the Motion of the 
Planets, (Lecture), C. L. Poor, 
341. 
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Hale, G. E., The 200-inch Mirror, 
466 


Halo, Lunar, seen at Montreal, 
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T. N. White, 166; seen in 1794 at 
Fort George, 290. 

Harper, W. E., M-Type Giants, 9; 
New Observatories, 39, 43, 146; 
Astronomy in Everyday Life, 97; 
Light of the Night Sky, 102; Cur- 
rent Progress in Astronomy, 119; 
The Galactic Centre, 219; Measure- 
ment of Planetary and Stellar Ra- 
diation, 222; Double Stars, 267; 
Variable Stars, 271; Distance In- 
dicators, 274; The Starry Uni- 
verse, 277; Island Universe, 281; 
Exploring Space, 383; List of Re- 
fracting and Reflecting Telescopes, 
351; Articles on Astronomy for the 
Newspapers, 356; Can One’s For- 
tunes be Foretold, 359; Discoveries 
in Astronomy, 364; Amateur in 
Astronomy, 367; Applications of 
Pure Science, 371; Scutum Cloud 
by Krieger, 456. 

Harper, W. E., His Visit to Toronto, 
A. R. Hassard, 233. 

Harrison, W. H., Audibility of the 
Aurora, 464. 

Hassard, A. R., Visit of Mr. Harper 
to Toronto, 233. 

Heat from the Stars and Planets 
(Nicholson), 49. 

Hertzsprung, E., (personal), 112. 

Hodgson, E. A., (personal), 228, 229, 
463. 

Hogg, F. S., A: Synopsis of Planetary 
Spectra, 55, Pl. IX; (personal), 
192. 

Horning, J. H., Under the Northern 
Cross (Lecture), 237. 

How Marvellous the Heavens 
(Poem), Kilbee Gordon, 37. 
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Ice Ages in Canada, Lecture by Cole- 
man, 52. 


Influences, Stellar, Kilbee Gordon, 
302. 

International Astronomical Union, 
Lecture by Plaskett, 115; 120. 
International Co-operation for Aur- 
oral Research, Carl Stérmer, 1. 
Island Universes, W. E. Harper, 281. 


J 


Jordan, F. C., (personal), 375. 
Jupiter, Photographs of, 121, 220. 


K 


Kerolyr, M. de, Astrophotographic 
Station, 295; also Pl. XXVIII, 
XXIX (p. 383). 

Kingston, H. R., The Wonderful 
Heavens (Lecture), 198; Edwin 
Theodore White (Obituary), 199. 

Krieger, C. J., Review of his paper 
on the Scutum Cloud, 456. 

Krotkov, Mrs. V., see Young. 
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Lampland, C. O., (personal), 143. 

Lick Observatory, Chilean Branch, 
358. 

Light, Scattering of (Burton), 54; 
Relation to Matter (McLennan), 
198; Analysis of (Whitmore), 469; 
More about (McLennan), 238. 

Light of the Night Sky, W. E. Har- 
per, 102. 

Line Intensities and Physical Condi- 
tions, 128. 

List of Refracting and Reflecting 
Telescopes, W. E. Harper, 351. 
Long Range Weather Forecasts, F. 

N. Denison, 458, 468. 

Lunar Halo seen at Montreal, T. N. 
White, 166. 

Lunar Rainbow in Alberta (Olden), 
289. 
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M-Type Giants, W. E. Harper, 9. 
Madill, R. G., (personal), 47. 
Magellanic Clouds, 13. 

Magnetic Measurements (Madill), 
148. 

Magnetism and the Aurora, G. H. 
Blanchet, 291. 

Mars, Radio to, (Coats), 147. 

Marshall, Roy, (personal), 375. 

McLennan, J. C., Relation of Light 
to Matter (Lecture), 198; More 
about Light (Lecture), 238. 

McTaggart, H. A., Atmospheric Op- 
tics (Lecture), 421. 

Meetings of the Society: Annual 
General Meeting, 119; at London, 
146; at Montreal, 51, 196, 294; at 
Ottawa, 148, 239; at Toronto, 54, 
118, 149, 198, 237, 341, 421, 40; 
at Victoria, 53, 115, 146, 236, 341, 
422, 468; at Winnipeg, 51, 147, 244. 

Meggett, A. W., The Call of the 
Stars, 148. 

Meteors, Appeal for Historical Re- 
ferences on, (Fisher), 230; A Day- 
light, 378; and Meteorites, Lecture 
by Chant, 422. 

Meteorites, Largest, 193; of Iowa, 
C. C. Wylie, 402. 

Michovitch, V. V., (personal), 112. 

Milky Way, Photographs of, by 
Kerolyr, 295, 383. 

Miller, A. H., (personal), 47, 113, 
228. 

Miller, John A., (personal), 112. 

Millman, P. M., (personal), 143; 
Quality of the Light of the 
Eclipsed Moon, 201, 342. 

Milne, E. A., (personal), 192. 

Mira, the Wonderful Star, C. S. 
Beals, 8; see Variable Stars. 

Mirror, The 200-inch, (Hale), 466. 


Mirrors, Deterioration of, R. K. 
Young and V. Krotkov, 399. 

Modern Photographic Telescope, 
G. W. Ritchey, 15, 167. 

Moon Rainbow, (Olden), 289. 

Moon Again, The, (Thompson), 465. 

Multiple Rainbow, A. V. Douglas, 
349. 


N 


Nebulae, Number of, 123. 

Nebulium, 128. 

Neptune, Rotation Period of, 339. 

Newall, H. F., Retirement of, 49, 143. 

Newton, Sir Isaac, Library for Sale, 
J. Stokley, 397. 

Night Sky, Light of, W. E. Harper, 
102. 

Nile, Parallactic Motion Observed 
on, (Newton), 465. 


O 


Observatories, New, W. E. Harper, 
39, 93, 146; New Equipment, 129. 

Observatory, Baldwin-Wallace Col- 
lege, 194; Commonwealth, 229. 

Ogden, J. H., Astronomy and the 
Layman (Lecture), 243. 

Olden, H., Moon Rainbow in Alberta, 
289. 

On the Separation Limits of Double 
Stars, R. H. Curtiss, 423. 

Our Wonderful Universe, Lecture by 
J. A. Pearce, 117. 
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Pannekoek, A., Lecture on Astrology, 
422. 

Parallactic Motion, Example of, 465. 

Patterson, John, Associate Editor of 
this Journal, 340. 

Petrie, R. M., Radial Velocity Data, 
285. 
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Phosphorescence and Fluorescence, 
Lecture by Shrum, 468. 

Planets, Photography of, C. S. Beals, 
220; Determination of Orbits, 286. 

Planetary Radiation, W. E. Harper, 
222. 

Plaskett, J. S., Lecture on  Inter- 
national Astronomical Union, 115. 

Poor, C. L., Lecture on Gravitation, 
341. 

Portrait of Sir F. Stupart, Presenta- 
tion of, 151. 
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Radial Velocity Data, R. M. Petrie, 
285. 

Radial Velocities, 122. 

Radiation, Cosmic, R. M. Petrie, 101; 
Planetary and Stellar, W. E. Har- 
per, 222. 

Radio Reception and Sun _ Spots, 
(Stetson), 114. 

Radio Talks on Astronomy, W. E. 
Harper: New Observatories, 39, 
93; Astronomy in Everyday Life, 
97; Double Stars, 267; Variable 
Stars, 271; Distance Indicators, 
274; The Starry Universe, 277. 

Rainbow, Moon (Olden), 289; A 
Multiple, seen on St. Lawrence 
River, A. V. Douglas, 349. 

Redman, R. O., Cosmic Rays, 11; 
Double Stars (Lecture), 236. 

Reinhardt, Carl, Phase of Venus seen 
with Naked Eye, 48, 113, 379. 

Relativity, Deflection of Light, R. J. 
Trumpler, 208. 

Review of Publications: Astronomy 
and Cosmogony (Jeans), 43; Our 
Wonderful Universe (Chant), 45; 
The Pageant of the Stars (Luy- 
ten), 108; The Two Solar Families 
(Chamberlin), 108; Fundamentals 
of Astronomy (Mitchell and Ab- 


bot), 110; A Manual of Laboratory 
Astronomy (Stetson), 111; Dis- 
covery of the Earth (Parson), 191; 
La Physique de la Gravitation 
(Tommasina), 227; Bahnbestim- 
mungen der Planeten und Komet- 
en (Stracke), 286; Astronomische 
Chronologie (Negebauer), 338; 
Atlas céleste, (Prague), 338; 1001 
Celestial Wonders (Barns), 411; 
Tavole per la  Trasformazione 
(Emanuelli), 411; Considerations 
sur sept Cepheides (Tiercy), 412; 
Astronomie allgemeinverstandlich 
dargestellt (Stratonov), 413; The 
Jniverse Around Us (Jeans), 413; 
British Nautical Almanac for 1931, 
414. 

Ritchey, G. W., Modern Photograph- 
ic Telescope, 15, 167. 

Ritchey’s Articles, Appreciation of, 
50. 

Rogers, H. L., His 12-inch Telescope, 
145; see 470. 

Rowland’s Table, Revision of, 127. 

Royal Observatory at Greenwich 
(MacLean), 51. 

Russell’s Chair, Endowment of, 144. 


Schlesinger, F., (personal), 192. 

Scutum Cloud, Magnitudes, etc. in, 
(Krieger), 456. 

Seismological Observatory, at Vic- 
toria, 53. 

Shrum, G. M., Phosphorescence and 
Fluorescence (Lecture), 468. 

Slosson, E. E., death of, 464. 

Smith, C. C., (personal), 228; The 
Calendar (Lecture), 239. 

Soiree at Ottawa, 240. 

Solar Radiation (Smithsonian Inst.); 
375. 

Solar System, Researches in, 120. 
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Solar System and the Milky Way, 
Lecture by Douglas, 196. 

Space, Exploring, W. E. Harper, 277. 

Spectroscope and its Work, W. H. 
Christie, 247. 

Spectroscopy, Lecture by Beals, 147. 

Stars, Call of, Lecture by Meggett, 
148. 

Starry Universe, The, W. E. Harper, 
277. 

Stellar Influences, 
302. 

Stetson, H. T., (personal), 375. 

Stokley, James, Newton’s Library for 
Sale, 397. 

Stormer, Carl, International Co- 
operation for Auroral Research, 1. 

Stratton, F. J. M., (personal), 143. 

Struve, George, (personal), 192. 

Stupart, Sir F., Presentation of 
Portrait, 151; Withdrawal of, 340. 

Sun Spots and Radio Reception 
(Stetson), 114. 

Synopsis of Cometary Spectra, F. S. 
Hogg, 55. 


Kilbee Gordon, 


T 


Telescope, H. L. Rogers’ 
145; 470. 

Telescopes, List of Refracting and 
Reflecting, W. E. Harper, 351. 
Telescope Makers, Amateur, 292, 342, 

470. 
Terrestrial Magnetism, 
Campbell, 406. 
Tides, Lecture by Gillson, 294. 
Tides and Seiches on Lake Huron, 
R. K. Young, 445. 
Tondorf, F. A., death of, 462. 
Touchet, Em., Astrophotographic 
Station of La Haute Provence, 295. 
Trumpler, R. J., Relativity Deflection 
of Light, 208. 
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Universe, its Form and Dimensions, 
123. 

Universe, The Starry, W. E. Harper, 
277. 

Universes, Island, W. E. Harper, 281. 


Variable Stars, W. E. Harper, 271. 

Venus, Phase seen with Naked Eye, 
C. Reinhardt, 48, 113, 379; M. A. 
Brown, 144; J. Duff, 230. 

Venus, Photographs of, 121, 
Movements of, 193. 

Volcanic Activity, Lecture by Brown- 
ell, 244. 


220; 


W 


Warner, W. R., death of, 339. 

Weather Forecasts, Long Distance, 
F. N. Denison, 458; 468. 

What was it? (Phenomenon at Maple 
Grove, P.Q.), 194. 

White, E. T., death of, 192; Obituary 
of, H. R. Kingston, 199. 

White, T. N., Lunar Halo seen at 
Montreal, 166. 

Whitmore, B. G., Analysis of Light 
(Lecture), 469. 

Wolfer, A., (personal), 228. 

Wright, W. H., (personal), 112. 

Wylie, C. C., Meteorites of Iowa, 
402. 


Y 


Young, R. K. and V. Krotkov, De- 
terioration of Mirrors, 399. 

Young, R. K., Tides and Seiches on 
Lake Huron, 445. 
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